what is known already: ART singletons are at greater risk of adverse perinatal outcomes compared with non-ART singletons. Longterm physical and mental health outcomes of ART singletons are generally reassuring. There is a scarcity of information on health service utilization and the health economic impact of ART conceived children. study design, size, duration: A population cohort study using linked birth, hospital and death records. Perinatal outcomes, hospital utilization and costs, and mortality rates were compared for non-ART and ART singletons to 5 years. Adjustments were made for maternal age, parity, sex, birth year, socioeconomic status and funding source. Australian Diagnosis Related Groups cost-weights were used to derive costs. main results and the role of chance: Overall, ART singletons had a significantly longer length of stay during the birth-admission (mean difference 1.8 days, P , 0.001) and a 20% increased risk of being admitted during the first 5 years of life. The average adjusted difference in hospital admission costs up to 5 years of age was $2490, with most of the additional cost occurring during the birth-admission ($1473). The independent residual cost associated with ART conception was $342 during the birth-admission and an additional $548 up to 5 years of age, indicating that being conceived as an ART child predicts not only higher birth-admission costs but excess costs to at least 5 years of age.
Introduction
Children conceived following assisted reproduction technologies (ARTs) constitute an increasing proportion of children born in developed countries. Latest estimates indicate that more than 5 million children have now been conceived through ART, accounting for up to 5% of all children in a number of countries (ESHRE, 2012; ICMART, 2013) . The health outcomes of these children and the subsequent impact on health services are of paramount importance to fertility patients, clinicians and public policy.
It is well established that children who are conceived following ART are at increased risk of poorer health outcomes than non-ART children, primarily due to the higher incidence of multiple birth pregnancy and the attendant risk of preterm delivery (Elster, 2000; ESHRE, 2000; Helmerhorst et al., 2004) . The widely accepted strategy of single-embryo transfer combined with the subsequent transfer of supernumerary cryo-preserved embryos provides a feasible solution for minimizing the risk of ART multiple pregnancies (Gerris et al., 2003; Lukassen et al., 2005; Heijnen et al., 2007; Chambers et al., 2013) .
However, there is a substantial body of evidence showing that ART singleton pregnancies are also at increased risk of poorer gestational and perinatal outcomes compared with non-ART singleton pregnancies. ART singletons are at increased risk of placenta previa, preterm birth, low birthweight and congenital abnormalities as well articulated in a number of recent meta-analyses (Hansen et al., 2013; Messerlian et al., 2013; Pinborg et al., 2013) . While the reasons for these poorer outcomes have not been fully elucidated, they are likely due to a combination of non-iatrogenic factors related to couples undergoing ART treatment (e.g. advanced maternal age and subfertility) and iatrogenic factors associated with the ART treatment itself (e.g. surviving singletons born from vanishing twin pregnancies, changes in endometrial receptivity due to ovarian stimulation) (Draper et al., 1999; Basso and Baird, 2003; Gaudoin et al., 2003; Kapiteijn et al., 2006; Jaques et al., 2010; Talaulikar and Arulkumaran, 2012; Messerlian et al., 2013; Pinborg et al., 2013) .
Beyond the perinatal period, there exists limited data regarding the health and development of ART children (Hart and Norman, 2013a,b) . The evidence that does exist on the general physical and health outcomes of ART children is reassuring. However, there does seem to be an increase in cardiovascular and metabolic risk factors which could lead to an increased incidence of cardiometabolic disease in adulthood (Hart and Norman, 2013a) . With regard to neurological outcomes, ART singleton children have been shown to have an increased risk of cerebral palsy; however, this risk is explained by prematurity, growth restraint and obstetric factors (Källén et al., 2010a; Hart and Norman 2013b) . Similarly, the slight delay in neuro-development in ART singletons appears to reflect confounding obstetric factors, particularly subfertility. Childhood and adolescent psychological outcomes of ART singleton children appear to be no different to non-ART children (Hart and Norman, 2013b) .To our knowledge, no studies have compared childhood mortality rates of ART and non-ART children.
Whether the differences between ART and non-ART singleton outcomes, particularly those noted in the perinatal period, translate into increased hospital services and costs in the perinatal period has not been substantially investigated (Ericson et al., 2002; Koivurova et al., 2004; Chambers et al., 2007; Koivurova et al., 2007; Hansen et al., 2008) . Further, whether being conceived following ART treatment independently predicts an increase in ongoing hospital costs during childhood is not known (Ericson et al., 2002; Koivurova et al., 2004; Källén et al., 2005; Koivurova et al., 2007; Hansen et al., 2008) .
The objective of this study is to use a large population dataset to conduct a comprehensive economic and health services assessment of the frequency, duration and cost of hospital admissions during the first 5 years of life for singleton children born following ART treatment, and to compare these with all non-ART singletons. The study also aims to identify if ART treatment independently predicts excess costs during the birth-admission and up to 5 years of age after controlling for factors known to influence hospital costs. A further objective is to report and compare mortality rates for ART and non-ART singletons during the first 5 years of life.
Materials and Methods

Western Australian linked dataset
This population-based cohort study uses data from the Western Australian Data-Linkage System (WADLS) for the period 1993-2008 inclusive. The WADLS collects and links all available health and related information on the Western Australian population (www.datalinkage-wa.org). We obtained de-identified data from four datasets:
(1) The Midwives' Notification System (MNS) is a statutory data collection of demographic and clinical information on all births (live or stillborn) delivered in Western Australia of ≥400 g birthweight and/or 20 weeks or more gestation, including home births. (2) The Reproductive Technology Register (RTR) is a statutory database containing information about all ART procedures (IVF and ICSI) undertaken in Western Australia. This register was used to identify children in the MNS conceived following ART treatment. (3) Death registrations collected by the Registrar General. (4) The Hospital Morbidity Data System (HMDS) collects all in-patient hospital admissions in both public and private hospitals in Western Australia.
Record linkage between the datasets was performed by the Western Australian Department of Health. De-identified datafiles were released to the authors for analysis. Validation studies indicate that the WADLS has a low level of missing data and a 0.3% false-positive linkage rate (Rosman et al., 2002 
Outcome measures
Clinical outcomes
Perinatal outcomes included measures of preterm birth, low birthweight and small for gestational age (SGA) (,10th percentile of birthweight (Roberts and Lancaster, 1999) ). Death outcomes included rates of fetal death (stillbirth), neonatal deaths (death within 28 days of birth) and post neonatal deaths (death between 28 days and 5 years of age) per 1000 children alive at the start of each period of interest.
Hospital utilization
The odds of being re-admitted to hospital after the birth-admission were calculated for each period of interest (i.e. after the birth-admission to the end of the infants first year, second to fifth year) using the number of infants alive at the start of each respective period. Hospital episodes that resulted in a transfer were merged with the previous episodes of care to calculate length of stay (LOS) and the risk of re-admission. Where an admission spanned two time periods, it was allocated to the later time period. The LOS of an admission was calculated as the LOS of all episodes of care including transfers minus days on leave (days when the patient was not cared for by the institution, e.g. home leave). The average LOS for each period of interest was calculated by dividing the total LOS by the number of children with at least one admission during the period of interest. If a child was admitted and discharged on the same day, a LOS of 1 was assigned.
Hospital costs
The in-patient hospital cost for each episode of care was assigned based on the Australian Refined Diagnosis Related Groups (AR-DRG) code recorded in the HMDS record. Costs were assigned to each episode using the AR-DRG specific average national public hospital costs reported in the National Hospital Cost Data Collection Round pertaining to the year in which the episode of care occurred, ranging from 1993/94 AR-DRG V3.1 to 2008/09 AR-DRG V5.1 (Australian Commonwealth Government, Department of Health and Aging). The AR-DRG costs capture the average direct and overhead costs associated with each episode of care, including medical, nursing and allied health staff, pharmaceuticals, operating and diagnostics procedures, critical care, supplies, capital and depreciation. All dollar amounts were adjusted to AUD2009/2010 using the AIHW Government final consumption expenditure in hospital and nursing homes price index. To convert to 2009/2010 US Dollars or Euros, an exchange rate of 0.6356 or 0.883 should be applied, respectively (2009/2010 average weekly interbank foreign exchange rate). While all babies born in hospital in Australia are admitted patients, only 'qualified' newborns are eligible for funding under the Australian Health Care Agreements. A baby is classified as a 'qualified' newborn if he/she meets one of a number of criteria indicating that they are an acute patient (e.g. in hospital for more than 9 days after birth, remain in hospital without the mother, are the second or subsequent live born infant of a multiple birth) (http://meteor.aihw.gov.au/content/index.phtml/itemId/327254). Therefore, to be in-line with national health-care resourcing arrangements and to avoid double counting with mothers' admissions, only 'qualified' newborn admissions were costed in this study. The average in-patient costs per ART and non-ART singleton for a specified time period were calculated by summing the costs associated with each episode of care and dividing by the number of children alive at the start of each period.
Statistical analysis
All analyses were performed using Stata 11 (Stata Corporation, College Station, TX, USA). Student's t-test and Fisher's exact test were used to test for differences in means of continuous data and the x 2 statistic was used to test for differences in proportions for categorical data. Logistic regression was used to derive odds ratios (ORs) and their 95% confidence intervals (95% CIs) to compare the relative odds of perinatal outcomes and re-admission to hospital in ART compared with non-ART children. Adjusted ORs (AORs) were calculated by controlling for co-variates related to perinatal outcomes including maternal age, parity, year of birth and socioeconomic status (SES) of the mother at the time of birth of the child. SES was based on socioeconomic indexes for areas (SEIFA) codes, which are small area (statistical local areas) geographical-based scores of social disadvantage (Australian Bureau of Statistics (ABS), 2008). Year of birth was used as the co-variate for the remaining periods to adjust for temporal cohort effects in the data. For statistical analyses of clinical outcomes, differences were considered significant if P-values were 0.05 or less.
Crude and adjusted mean hospital cost differences between ART and non-ART singletons for each period of interest were tested using ordinary least squared regression and robust standard errors, with only children alive at the start of each period included within the cost estimates. Co-variates for the birth-admission were maternal age, parity, year of birth, SES of the mother at the time of birth of the child and funding source (public or private).
In addition, multivariate regression analysis was used to measure the effect of a range of co-variates known to influence hospital costs on the costs of the birth-admission and on the remaining hospital costs to 5 years of age (ART and non-ART children combined). A binary variable indicating the mode of conception was included to estimate the residual cost associated with ART treatment. Co-variates considered in the regression analysis included maternal age at delivery (,25 years old, 25 -34 years old, 35-40 years old and .40 years), parity (nulliparous, parous), sex, mode of delivery (vaginal, elective and emergency Caesarean section), gestational age (≥37, 32 -36 and ,32 weeks), birthweight (,1500, 1500 -2499 and ≥2500 g), SGA, SES quintiles based on SEIFA codes, funding source (public and private funding) and year of birth. The size of the study sample (n ¼ 213 424) in the mulitvariate regression was sufficiently large to produce robust estimates and negate the need for further testing (e.g. bootstrapping). For statistical analyses of financial outcomes, differences were considered significant if P-values were 0.05 or less.
The study was approved by the Human Research Ethics Committees of The University of New South Wales and the Health Department of Western Australia as well as The Western Australian Reproductive Technology Council.
Results
Population characteristics
Of the 226 624 singleton infants born in Western Australia during the 1994-2003 birth observation period, 2199 (0.98%) were ART conceived children and 224 425 were non-ART children (Table I) . ART children were more likely to be born to older, nulliparous women and to be delivered by emergency Caesarean section (AOR compared with vaginal delivery 1.49, 95% CI 1.33 -1.66). ART mothers were four times more likely to have private health insurance, two-and-one-half times more likely to be a privately funded hospital patient for their delivery, 80% Continued more likely to reside in an area of relatively high socioeconomic advantage and 70% less likely to smoke.
Perinatal outcomes and mortality rates
While the stillbirth rate was 40% higher in ART conceived children, this was not statistically different to non-ART children (AOR 1.38, 95% CI 0.88 -2.17). The neonatal mortality rate was three times higher for ART children (AOR 3.01, 95% CI 1.80 -5.01); however, the post neonatal mortality to 5 years of age was similar for ART and non-ART children (OR 0.60, 95% CI 0.21 -1.95). ART children were more than twice as likely to be born preterm (,37 weeks gestation) and to be of low birthweight (,2500 g). ART children were also 20% more likely to be SGA (AOR 1.18, 95% CI 1.02 -1.36) ( Table I) .
Health service utilization
ART children were 20% more likely than non-ART children to be readmitted to hospital in the first year of life (AOR 1.2, 95% CI 1.1 -1.3). They were also more likely to be admitted to hospital in all subsequent years (AOR ranging from 1.1 to 1.4) ( Table II) .
The mean LOS of the birth-admission (including all hospital transfers) was 7.7 days for ART children compared with 4.9 days for non-ART children. The mean adjusted difference in the LOS of the birth-admission was 1.8 days (P , 0.001). However, the mean LOS of subsequent admissions in years 1-5 was similar for ART and non-ART children (Table II) . Table III presents the unadjusted mean hospital costs per infant during each period of interest. The mean hospital costs for ART and non-ART children reflected the longer LOS during the birth-admissions, and the higher rates of re-admission of ART children. The mean cost of the birth-admission was $3171 for ART children compared with $1448 for non-ART children (mean difference $1723, P , 001). After adjusting for maternal age, parity, year of birth, SES of the mother and funding source, the mean difference in the birth-admission cost was $1473 (P , 0.001). The mean cost per ART child was also statistically significantly higher in the first, third and fourth years but only by $150-$250. The overall unadjusted difference in mean hospital costs per child to 5 years of age was $2490 (P , 0.001).
Hospital costs
ART treatment as a predictor of hospital costs
Table IV presents the ordinary least squared regression predicting the hospital costs for all children during the birth-admission. The excess birth-admission cost associated with being an ART singleton was $342 (P , 0.001) after adjusting for maternal age, parity, mode of delivery, sex, gestational age, birthweight, SGA, SES, funding source and year of birth. Maternal drivers of birth-admission costs for all infants included maternal age of 40 years or older ($232) and being born by Caesarean section ($544 for elective and $735 for emergency Caesarean section). Infant drivers of birth-admission costs included being male ($162), being born preterm ($2105 if born preterm and $18 031 if born very preterm) and being born with a low birthweight ($4157 if low birthweight and $44 166 if very low birthweight). Table V presents the ordinary least squared regression predicting the hospital costs for all children for admissions after the birth-admission to 5 years of age. This model narrows the explanatory variables to only infant characteristics at birth because maternal age, parity, mode for delivery and funding source of the delivery are less likely to influence longer term outcomes. Being conceived using ART continues to predict an excess cost to 5 years of age after the birth-admission ($548, P , 0.001).
Discussion
It is well established that ART infants, including singletons, are at increased risk of poorer perinatal outcomes compared with non-ART infants. However, the impact that these poorer perinatal outcomes have on health services utilization and the longer term outcomes of a LOS refers to the total LOS of each admission including transfers, minus days of leave. For LOS, the denominator is infants with at least one admission during the period of interest. b 2471 (1.1%) of live born infants did not have a hospital birth-admission record (e.g. born outside of hospital) or were missing a discharge code from their birth-admission record. ART infants, including mortality, is less well understood (Messerlian et al., 2013 , Pinborg et al., 2013 . This study builds upon a previous study using data from the WADLS which described the hospital admissions, but not costs, of a smaller cohort of ART singletons up to 3 years of age (Hansen et al., 2008) .
Confirming results from previous studies, we found that ART infants were at increased risk of being born preterm and low birthweight after adjusting for known confounders, and to have an increased risk of being SGA. We found a 40% increased rate of stillbirth among ART infants although this did not reach statistical significance in these data, and a three times higher neonatal mortality rate in the ART group. The post neonatal mortality rates were similar between the groups.
The mean LOS of the birth-admission was almost 3 days longer for the ART group (almost 2 days longer after adjusting for confounders) which was reflected in the more than two times higher unadjusted costs ($3171 and $1448 for ART and non-ART infants, respectively). The risk of being re-admitted after the birth-admission was higher in almost all years to 5 years of age, which was also reflected in higher mean annual hospital costs of an ART child. However, the mean LOS of admissions in years 1-5 was similar between the groups. Greater use of hospital services, particularly during the birth-admission, appear to reflect the poorer perinatal outcomes of ART children and is in line with other population series (Ericson et al., 2002; Källén et al., 2005; Klemetti et al., 2006) .
The multivariate analyses controlled for a wide range of clinical and sociodemographic factors including gestation, birthweight, parity, mode of delivery, sex, maternal age and SES. These analyses estimated that the independent residual cost associated with being conceived following ART was $342 during the birth-admission and an additional $548 up to 5 years of age, indicating that being conceived as an ART child predicts not only higher birth-admission costs also but excess hospital costs to at least 5 years of age. Similarly, preterm infants continue to incur additional costs to 5 years of age of $1220 (preterm) and $2971 (very preterm), as do infants born with low birthweight ($1048 for low birthweight and $3436 for very low birthweight). These findings on the long-term hospital costs resulting from prematurity are particularly important, because they reflect the significant body of evidence highlighting the ongoing health and educational problems associated with children born preterm, not just those conceived using ART (McCormick et al., 2011) . Further, a high proportion of the estimated 400 000 ART infants born worldwide each year are born preterm primarily due to the increased iatrogenic risk of being born as part of a multiple birth pregnancy following the transfer of more than one embryo during treatment (ICMART, 2013) . The costs associated with multiple birth infants (i.e. twins and triplets) are magnitudes higher than for singletons (Henderson et al., 2004; Chambers et al., 2007) . With more than 20% of ART deliveries worldwide resulting from multiple gestation pregnancies, the continued practice in many countries of frequently transferring multiple embryos during treatment is a public health concern (ESHRE, 2003; ICMART, 2013) .
The strengths of this study are that it was based on a large population cohort of children born in a geographically defined area and used a highly validated linkage of birth, ART, hospital and mortality data. This provides a reliable and robust basis for estimating hospital service resource consumption and mortality rates. To our knowledge, this is the first study to comprehensively cost hospital services for ART children and to estimate the independent contribution to hospital costs of being conceived following ART treatment.
A limitation of this study is that treatment factors associated with ART treatment (e.g. ICSI, fresh versus frozen embryo transfer, cleavage versus blastocyst transfer, number of embryos transferred) could not be investigated. However, evidence suggests that the health outcomes of ART singletons are not substantially different based on type of ART performed (Bergh and Wennerholm, 2012) . Similarly, we had no information about the cause or degree of subfertility for couples seeking ART treatment. Subfertility may well contribute to hospital admission risk since subfertile couples who eventually conceive naturally after a prolonged time to pregnancy have a greater risk of adverse perinatal outcomes compared with couples who conceive naturally in a shorter time period (Messerlian et al., 2013) . Further, the use of different ART techniques continues to change over time as do the characteristics of women undergoing treatment which could influence the perinatal and long-term outcomes of ART children conceived during different time periods (Hansen et al., 2012 improved over the last 25 years, potentially due to changes in the characteristics of patients undergoing ART, with more recent cohorts presenting with less severe reproductive disease (Källén et al., 2010b) . Another important factor that could not be accounted for was whether ART children are more closely monitored than non-ART children by their parents and health-care professionals, contributing to their increased risk of hospital admissions and thus hospital costs.
In conclusion, the poorer perinatal outcomes of ART singletons are significant enough to be reflected in hospital services utilization and costs. Being conceived following ART treatment predicts higher hospital costs to at least 5 years of age. These findings endorse the need for longterm follow-up of ART children conceived by different ART techniques and using a variety of surveillance methods. Understanding the short-and long-term health services and economic impact of ART treatment is vital Excludes stillborn infants, infants not born in hospital and those with a missing birth-admission discharge code.
